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In studiés on astrecytes cartied out both in
human postmortem material and; in coliaboration
with Noell,* in the brains of cats, we found thag
the typé of transition from thé aormal oxygen
supply of the tissue to the ans¥ia of death hasa
great influenge on the postmortem behavrorf of
the cells. The main finding was as foliows: If
death was preceded by a hypoxic phase l'asting
for a period of seconds to about 60 minites, a
disintegration of astrocytes; which Cajal called
clasmatodendrosis, devéloped immediately after
death. ITf the hypoxic phase lasted nmore than an
houf; the astrocytes maintaiged theit form for a
period of time after deaih.

In the following, equivalent studies on gan~
glion cells #will be repoited. They were per-
formed on afimal brains (cats) as, well as on
human' autopsy iarerials The fmdmgs in the
animal experiments will be described first, fols
lowed by thoese made in human matenals '

EXPERIMENTAV/
1. Medthods :

The brains of 53 full-grown cats were é&x-
amined, Each animal was grven one exposure:
to oxygen deficiency in whick it died. The duna—
tion of thé exposure varied frog se.c_:,onds to

about 6 hoursy I 7 cats the oxygen ~upply to-

the brain was cut off insiantaneously by decapi-
tation. In 32 cats oxygen def1c1ency was pro-
duced by lowering the barométric pressuré (hrgh
altitude chamber); in all others, by rexposmg
ghem to carbon monogide of anitrogen mix-
ures, After.a generally rapid jrnctease of hy-
poxia, the animals were kept below the sub-
crrtf“a] to critical levels for varymg pefi=
ods of time with the effect that in the pro-
longed experiments the ¢linic¢al pictureé was
very similar to ‘that of agomy. In some ani-
_iais from the expefimental seties performed
"ifi coiiabofation with- Noell, the intensity of
the oxygen deficiency was controlled elecs

-m

.‘

~“'Lmd«nbem, R., and WK. Noell *““The. Effect of Hjpoxia (In tha)

he Posnnottem Chanjzes..of thc Astrocytes.” (To be p\:bhshed)'.

o “'THE MORPHULOGICAL BEHAVIOR OF THE aANGLSON CELLS AFTER
GENERAL‘IZED ACUTE AND SUBACE&TE RY
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troencephalogravphrcah\y, as rebo}‘t‘é&c”"fixhr’ihé'

pertinent paper. In most animals ¢hé degree of

oxygén def;crency was estimated with the’ help

of the clinical picture as descnbed for thie cat

in its vatious stages by Alemann and Schubothe

(1)e' The behavior of the coarsé motof Functions

and of respiration was of specid]l impertance,

After reaching a certain dégree of hypoxia, the

animal showed strong, uncoordinated motor ex-
citation which looked rather alarming, It jumped

up, reared, twisted, and fell back again as if

paretic, In contrast with its normal habits  f

clearliness, the cat seemed not to care if it

was soiled with feceés or yrime. Tt showed pant-
ing respxratron, 150 o 200 Breaths per minute,

This excitation phase\, whicl in view of the

strong individual varidtions in the ‘animal’s re-

sistance might set in as low as 24,000 feet in
one animal and as high as 30,000 feet in an-

othez; was succeeded by & phase 6f motor inac-

tivity as hypoxia mcreasedu The ammal lay
stretched out and seemed t6 ‘experience severe

clouding of consciousness. Rapid resprratron
continued as a tule, alth_ough interrapfed by inw
diyidual deep breaths with succeeding “‘brief

pauses, Oceasionally, rhe ammal stood up once
ioré for a few seconds, as if'ia a state-of de=
lirium, and co]lapsed« again, ¥rom the clinical
standpoint this phase might be desrgnated as
subcriticals 'When the hypoxla ‘was ificreased
but. little or kept constant for prolonged periods
of time, this phase went over into the critical
phase, which was chasacteriz ed by a consider-
able reductio ~ of the resprra?ory rate (10 to 20

breaths pef minuté). The an;fnal lay completely
quiets ‘Occasionally, one codld observe a fine

trembling or some coarse twitches of one of the

legs or of the mouth, These somiecimes dével-
oped into a gencralized epi,leptxc attack which

was succegded by fatal fespiratory. paralysrs.

Yet, evén without such 4n attack, thé fespira-
tion, ‘as in the case of human agony, might be-
come slower and more superuual ali ihe time,
and in the end cease ermrely

(\g 5
Ve

%%
: \Q“‘ s

s )

o

R

ar

N

5

.o
ARV IN
:ﬁ\‘?ﬁé\u

£

=, I

s R b
J..-"k..ﬂﬁ,tmm A, AT A T 1

R




Tty ke AT

pzw))éctmumm 212 0004; ORT NUMBER'1
After death the brams of a few animals were

uuv}cd iu TCom -tﬁiﬁf:esa\. i3 some oihers WETE

the sections were washed, further hacdened in

S& perceat alcohol, and finally embedded i

2~ Coander-grenile, SR awid’
most of them were, kept at 37° C, underwghe
“'sane conditions. At certain time intervais; parts
of the brain-in geaeral oneshalf henusphere-
were excwed and ,fxxed. Since aftér 12 hours in
the incubator putrefactive bacteria usual}y
started to pml‘ferate, some brains were képt in
@ body-warm saline solution to which soie
.streptomycm and pe*ucﬂ]m had been addedn In
this way it was possible to keep brain sections
sterile in the incubator for as long as 72 hours.
For fixation the bxam sections were placed in

10 percent, neucral formalin for one day.. I‘her

é‘omdxuons; :

for the putpose of comparmg the ceue, :he bram_
of one cai was fix

treated in the same way as the othet brain sec-
tions, To enable the reader hlmse}f to compare

EIGURE ‘l

E cj'ivulom picwres" to the living gungllon colls of a cat. The cells =I1,q'vg:~bggﬁ
fixed wlth formaldehyde at the mement: of decapifdtion. .

parlodion Tatehe usyalr .._ayg lhe ganghon chIS" -
were stamed with cr

Tbe eqmvalem ﬁacmre

e

In order to Gbtain a geod eqmva)ant pictuse, .

malin 1mmed1ately after decapltauon ‘and then

the observed cell changes w'1- he ¢ ng.
p;cture, ‘four of the numerous type's c. ,,anghon
cJelIs are’ shown .in f1gure | s
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These include the l‘ia’i‘ge somatochrome py-
ramxda} cell ‘of the third end, generally, fifth

et o

fayerof the cerebial correx (fijure “ia) it has z
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consxstency« W‘hen the bxams Jhad been Lepr m

formﬁr ‘b&C.amem\C.OXIUQBOuSly~~$O+t@ﬁ'g'ﬁaﬂd"“"”‘,‘""aS""“‘"

centrally Tocated “light nucieus with a” “well-
matked nucleolus and scanty Hiaia structure, In
the cell body we find 2 clear arrangement of
Nissl bodies near the nucleus and toward the
base of the cell, where they are siall and'some-
wheot 1rregufar in form; in the penphery of the
¢ell and ig the dendrites, théy are large, eloa-
gated, and in rather parallel afrangement with
ample unstained cytoplasm in betweens Then,
there are the medium-sized and small pyramxdal
cells of thé cortex, which also b.e-i,,og,g to the
somatochromé type. The nuclei are in géneral
only a little smaller than thosé of the large
cells,, Their position is mcstly somewhat eccen~
trics The Nissl bodies. are gomposed, on the
Whole,‘ of finer granulés, especially in the vi-
cinity of the nucléus, .and atrangeéd more dense-
ly. Toward the dendrites and, in particular, the
apical dendrite, they are again elongated and
separated farthér from one another by unstained

strands. of protoplasm (figuie 1b). Another Soma-
-t‘-,och'to_me- type is représented by the cells of the
thalamus,
ment of the Nissl bodles (fxgure 1¢) They are
irrégular in form and aré comnected more zke a
nét, They are again finer in the vicinity of the
pucléus and coarsér toward the pefiphery of the -

whgch hawn a rnla?lvc‘“ gnnr‘ a:gaase,

‘celle Most niiclei are large and light, haviig a

wiell-marked nucleolus. In ¢ontrast with these
cells are the celis of the second cortical layer
with thexr meager cell bodies, Their nucléi are
most distinct. Therefore, Nissl (2, 3) desxgnates
this celi typé as karyochrome. The nucler are
somewhat smaller than those described abo,ve,
some of them showing fine folds. The linin
striucture is generally more distinét, the nucle-
olus telatively small, The meager cell body
¢contains but Jittle, usually dustlike Nissl siub-
stasice .in the immediate vicinity of the micleus,
or in one of the narrow dendrites (figure 1d).

CiEL Findings

Before the histological details. are discussed,
ofié dbservation that was made during the gfoss.
examination of the brains should be reported,
The brains of those animals which had died
within a few minutes showed a cériain increase
in: volume; this was not the case in the animals.
that had beén exposed te hypoxia fof hours. As
a rule, the former félt fiem, as if stretched tight-
“ly; the ldteéer ‘had the usual mediugn compact

difficult to cut -them in the “unfized state, wirhe
qut squashmg them, The latter, however, were
considéerably "more compaci.and. could be cut-
without dsz'\culty@ Such sofmess of the fissue
is very sim l%r tg the consxstency of fresh sof-

tenings. This w1ll, be. ‘referred.-.cggla*e{. .

The deséription of the histological it ‘dmgo
will be started 'with the changes found in the
decapitated animals whose brains Fad been
kept at 377 C. Thé fifst’ change could be ob-
served- after about’ 30 iisutes. The larger gan-
glion cells showed a mild swelling of the cell
body. The protoplasm surroundiang the aucleus .
became lighters The Nissl substance in this
sectioni started to break up (trprolvs:s\ The
coarse Nissl granuie«s were pressed toward the

petiphery of the cell deYo Someétimes the nu-
cleus was also displaced sxdeway»sBThe nucleus
may have been especially pafe of showed in-
ténsified marking of the linin structure, Figures
2a, b, and ¢ show this ‘alteration i the Somae
tochrome cell types démonstrated in figure 1, In
the small karyox_hrome “eell types, a similar
swv:‘hag could be found;,usually,however smal}
circilar transparencie® of the protopiasm had
already developed surrodided by darker, stained
protoplasm (figure 2dY By the term swelling we
'd_o’-go'tf mean Nissl's *“dcute change in ganghon
cells”’ which prelmeyer (%) called acuze swell-
ing, and which was not observed in our material}
The swelling wé ar¢ concerned Wwith xs obvxous-
iy ancthér likewisé acuté process whzch—-'
to mwake a parallel with Sp1e1meyet'.-' g

shtinkage—we term ssmple swelling. The reason
for this designation i$ that, aside from the pic-
tures of simple swel]mg, we .see snmple
shrmkage in some of the larger pyramidal celis
or in the cells of small cortical sections,
Gildea and Cobb (5) observed these pzctures
in their expenmen,js, likewise very shorxly
afrer death. ~We found them usually in the
region of the gyral <¢rests.  Since Schaner
(6) was able to produce, by local pressare, such
early pictures of shnnkage locally ceonfined ia
the body-warm brain,; we are 'uu.lmed to assume
that in our casés they were also caused by
pressure exerted when the braiis were taken
outs In sucha case, changes of &ven lesxons of
the cell wall obvmusly,,d;eveloped,) xesultmg i
lnss of fluid and shrinkage of. the cell.r With iCS
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wall intact it would have gb&orbed more fluid,
thus leading to the picture of simple SWexlmge

'F!GURE Z

l “Simpﬁe swelling®” of somatochrome cell types of a cat
deveioped within 30 minutes. after decapi'mtmn. The ‘wn-
fixed ‘Histve has been kept o? 37°

PASaaGi

After ‘6 houes in the mcubator, the hxstolog;-
cal picture of a brain section had undergone
considerable changes of different types. Two
main types of changes were found which occur,
more or less combined, in many cells. The one
type demonstrated the onset of a homogenizing
process, The Nissl substance, except for a few
iery small particles, had disiritegrated; here and
there dustlike remnants could be recognized.
The cell body, generzlly still swollen, had ac-:
quired a fmeegranular appearance, as if its
protoplasm had coagulated. : stain dark
or lights The nucleus conld ,be distinctly visible

can l'd'

s wa

or it ¢ould be smaller and datk-stained; or it
could have lost its membrane, so that its. former

NAQIEs Rey ~

~old Lo . F LS
CouMIa e x-,‘vgua.ncd vn}'; Uy &

u.sut
spot containing the nucleolus. and some parti-
cles of the tinin structure, Later stages of this
change are demonstrated in figure 5b. As to the
second type of changes, minute vacuoles devels

oped in the unstained protoplasm tracts between

the Nissl bodies. These vacuoles may have in-
creased in size and, ateer 6 hours,. filled the
entire cell body (hgufe 3a). The anucleus be-
came small, d'.guk-stamed9 angular, and often
did not show up well against the network of the
~ytoplasm. Both processes were combined ig.
the large pyramidal <ell shown in f1gure’ 3b.
‘The swellmg of the cell is distincely vxs1’ble°
Such pictures were found quite oftén, eugu, in
the Purkinie cells of the cerebellum. It was
noticed that the incidence of either type of
/change vaned greatly with the individual afis
mals. In 6ne animal, for m»scance, the vacuolar
alteratmn wis predommant, in anothér, the ho-
mogea'zmg process, We checked whether this
mxght be due to different ptepa«rauon of the mas
terial, but fouad no posicive evidencé in this
direction. The nutritive state of the cell at the
instant of oxygen depnvatzon might possibly
have some bearing in this respects

In blocks kept unfixed if the sncubator for 12
houts; the described changes wére even more
pronounceds The cells which had undergo‘ne the
homogenizing process had, as a rule, dark,
shruaken nuck their protoplasm showed
poorer and poorcr tesponse to staining (fig-.
ute 4a). At this time, obvmuvs' Yo vacuoles
no longer developed in such cells. The cells
which had been sub]ccted to seveére vacuoli-
Zation showed still -greater c¢hanges: They




omcgenixotion and vncuohzc’uon of gariglion célls of

_ “been kept ot ,’3‘7 C.

were no
: : _ i “The meim-
branes of the vacucles were composed of dark-
staiging protoplasmic .trabeculae which formed
“a morée or less dense network. in which the
completely shrunkea aucleus. could be tec~
opnized only by the resistant nucleolus. In

Tn o
iy s SE
Mfm. i 4.&'

¢.eat & hours after deg apisation. The,unhxed tissve hies
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some of the cells which showed both homoé-"
genization aand peripheral vacuolization, she

cou!d~wsee‘~t!~ at—rh. Pw-vac‘uoleb -..comtacted .and .. .

dilated the pericellular space (figure 4c). “The
mote solid part of the cell body often shruak
(figure. 4d). This likewise represents a *tsimple
shfmkage" although of a cell aLeady greatly
changed. In contrast to the eatly pictures of
shrinkage, the Nissl structure in the cell was
no longer visible. The protoplasm had in géneral
a granular appearance. A greatelr number of the
small pyramidal ¢ells now showed pictures of
shrinkage with winding apical dendrites.

After a period of 12 hours, the changes pro-
ceeded at a slower tate than befgre. After 48
hours, the picturé of Spielmeyér’s * *is¢hemic
changes in ganglion cells’’ had developed in
most cells (figure 5a). As a rule, the nucle1 were
shrunken, often trrangu]ar in shapeo “Their oute’
iines were rrequenuy ratner muusunuu in a few
c¢ells the nucleus would be relatively intact; in
othéts it would be just about disintegrated, The
protoplasm was homogenecus and palé and would
show either signs of the previous swellmg or
various dégrees of shrinkage. In the cell body,
which Tooked as if ir were coagulated, onerconld
occasionally recognize a few dustlike particles
of theé former Nissl bodies (figure 5b) The
Purkinje cells of thé cerebellum showed the
same <changes (figure: >¢)o This picture presents
very clearly the beginning fegressive changes
in the glial nuclei, which appeafed about that
time. The cells which had shown strong vacuoli-
zation were disintégrated to a gredat extents As
a tule; one could find nothing but a dark spot,
the rtemainder of theé nucleus surfounded by a
shadowy remnant of the ceil body, The cells
which had showa /coagulan »n_phenomena in fhe
cenver and vacuohzatmn in the periphery were
df1st1ngu1sh_ed somewhat more clearly (figure S5dYo
SuﬂEtiﬁn’:S, one could see dark-stained parucles
in the penphery, which looked liké incipient in-

~ rustations, In those s of the cortex which
“were 1o d1tect contact . with the sut_‘tou,ndmg sas=
line solution “weli-marked. “‘incrustations’ of
eithef coarse- or fme-granular structure Were
found, -especially in the small pyramidal cells
(f:.gures 6a and 6b) I -7

Up to 72 houfs, the number of ¢cell shad’ows
increased, The. latger vells aloneé showed some
sesponsé to stammg.-, Tn the grraller cells only
the small dark nuclei could usually beé recog
nized (figure 7), The regressive changes m’. h'e
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glia, including even compiete ‘disintegration of
ul% l“;clnnte’ pnnif! he soen pvarymkufn
TIBTE é‘xftm%‘p‘ré%esw* was thepanme; though™
tarded, wiien the brain was kept at 18° C; Only
after 12 hours did the first signs of homogeni-
zation and vacnolization appeat. At a storage
tempefature of 32° €., the difference in the rate
Qt this. pro¢ess was correspondingly less. Dis-

all’ cells. bome somatochrome cell types in the
deeper abram Steny partlcularly in the medulla

aac, Vocuoﬁzoﬁon and - “hom ogenizatio

2 -

T e Bt Sttt S it S B e

integration did not proceed at the same rate in

CFIGURE4 ST L

L Fzmher developed ch nges . .o_‘i gqnghon cells within 12 hours -after vitation.
on.of the cellss d‘ Shrinkage of a hemogenized

oblongata, show,ed mérely a swellmg even as

‘late as i2 hvtha aftér death in tissue stc:ed at

res ""%7”‘“’3:‘.Th“g“N wsi-badiss swained pal‘er*but“wefe‘ -

‘stili easily distinguished (figure 8). :
ally, the nuclei ,were displaced

Occasion-
eccentricaily,

and the branching pomt of the axonal dendrite,,

which was free of Nissl bodies, was expecially
well mazxeda Some p&ctures were very similar to
the uun 1 stage of the retrograde cell change.
" At a storage temperature of 37° C, the de-
scubed changes developed with little vanauon,

f
msth.-gii!"m ,tj on. of the penceliu!ar space dt i;he left. The tissye has - o
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FIGURE 5

Cell chung@s devalope«i within 48 to ‘72 heurs after dm:ap;?aﬁon. !schemie
nevrorial disedse {d) and homogenization (b) of pyramidal cells, hamogenizaﬁﬁon

of a Furkinje cell (c), and férther degenerd

on of partly, vacuolized ¢ells of the

braiit stem (d). The tissue'has been kept at 37° 7. before fixation.

also when death occiirred after a cr1t1cal oxygen

deficiency up to about 10 minutes’ duration, In

such cases the incréase of oxygen deﬁcxency up
to this degree was always very steep; the type
of oxygen deficiencv was irrelevants If oxygen
deficiency, aftet a similatr stéep increase,
lasted about 20 minutes; swelling associated
with tigrolysis likewise developed. As a rule,
this swelling was not as compléte as in the
othet casess Figure 9a shows cells which had
been fixed 3 hours after death. The cell body
has a rather flaky appearance. The darker parts

correspond to the Nissl bodies undergoing dis-

mtegrauon, ithe hghter ones, ‘to the unstzamed
tracts, Toward the apical dendrite, the rémnants
of soine Nissl bod1es are visible, The penphery
of the cell body is tiansparént, yet without
vacuoles. The nuclei are but lttle decreased in’
size. After 17 houts, the cell body still ‘had fhe
same f}aky appearance (fzgure 9b)o The nucle1
‘had not changed much either. - ° '

1f oxygen deficiency lasted longer thazr ‘about
30. minutes, shortly after déath the. swell ‘hg
could hardly be found, I fact, one had the im-
pression that there were €ven a mild 'snrmkage

and pyknomoiphia’ (Nissl (2 3))e In most ceii's
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" Pyromidal celis with incrustation of the **
fixed 48 (o) ond 72 ( ) hours dfter decopitation. The
tissue 'has been kept at 37° C. before fization,

. the

Frgures 104 and 10b originate from such a c¢ase
in whick fixation was made 12-hours after death,
Only. in few cells, like those of the pallidum,
‘was the Nissl stricture more distinct: Most cells

‘Golgi neis’”

o Rl

rpone
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sossi ¥

’sl,nwi;nme.a‘sedwdérg«ree’»«‘of S
py~kn'o’m‘(;yx?§};i'd; their ‘nuclei Wwere usu’a{HL’y dark
and reduced in sivé, T o ~
The longer the duration of oxygen deficiency,
the smaller the' number of changes in the cells,
With a duration 'of about 0 mifiutes the celd pic-
tures in the brain sections fixed after 30 min-
utes did not differ from the equivalent pictures
shown in figute 1. Neither did the cells change
when the brain secCtions were kept unfixed in the
inc¢ubator at 37° C. for 12 hours, Figures 1la to
11d give some exampies of such cells, Figure
11b shows that'even the presence of a few pu-
trefactive bacteria does not influence the cell
structure, Only when the bacteria occurred ‘in
larger numbers did the cell structute become
and the cell “body and nucleus stained
darker, showing a dirty, greyish-blue tinge,
which differed somewhat from that in pyknomor-
phia ‘or in beginning homogenization, This may
be .called p:seu7d'o-hOm,o‘ge»niz’ationp Eveén the
small cells of the sec. d cortical layer showed
no pathological changess Nor did they undergo
any noticeable alteration when the brain was
kept in a saline solution at the sametempera tute
for 18 hours (figures 12a and 12b). After 48
hours in the inncubator, the cells showed some
decrease in "stainwabi‘;lg'.tys They looked a lirtle
paler; their structure, however, was principally
unchanged (figure 13)e if the brain was. left dn
the solutiod tor a stil] longer time, the paleness
of the cells, especially in the cortex, increased;
whereas the smalier cells of the
‘instance, stained darker, showing a blarred
marking of their finesgranular Nissl structure,
In a few of these cases of subacute hypoxia,
a small focus was found in which the cells had
- undetgone the sain€ postmortem changes as in
“decapitated animals, Since we interpret these
tocal 'so‘f'ge‘ni‘nzgs as a secondary effect of gen-
eralized hypoxia which is dué to a local dis-
turtbance of vascular functions. or to gas embo=
lism, we do not want to discuss them in gre
detail, We are interested only in th
effect of generalized oxygen deficien

thalamus, for

i;'ll &L ea,tel' .
€. Qi‘iim ary
¢y on the

ganglion.cejls, -

N R i

1v. Sum*maryof experimental findings =

In all cases in which the brains, within a
pefiod ranging from seconds to about 10 min-
‘utes, passed froiiv, the state of ‘normal oxygen
supply through a phase of severe oxygen defi-
ciency into a stare of anoxia, sevete regrés
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developed, . in the eells of the unfixed
at 37° C, These changes stasted

chang‘*
Pa-Tp 1y

Léﬂbu\« h‘—r‘

FIGURE 7
Shadow 'of .« ganglion cell which has ‘been fixed 48

hours after decagitation. The tissue has been kept at
37° C.

FIGURE 8

Swo“en, sommoehmme gnns ‘ten. ceil of the medu!!a
shlongata of a cat 12 hours after deeopimﬁon. The tissue
has been kept-ai 37° C,
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- which may appear as ea
,deatu

tion process:
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30 mmutes after
In the following 5 to 6 loufs two types
of thanges developed, One was a homogeniza-
with further disintegration of the
Niss] structure; the cells were subjectéd to ¢o-
agulation which fma'l«, ted to ischemic changes
of the garglion cells assaciaied with pyknos1sg
‘Thée second type of changes ‘consisted.in a vac«
uwolization process which could aficct the entire
cells In this case the celf acquired a foamy
stiucture and in the end disintegrated come
pletely ot almost entitely so. As a rulé, both
processes weére combined in one cell. Thus, for
instance, the vacuoles deveioped usua”y in
the periphery of the ceN body, whereas the
mass of the cytoplasm ‘became homogencous. At
any time one could .obsésve signs of shrmkmg
cells. The protoplasm of the shruaken celi had
a fine granular consisteacy, no loﬁger reveahng
any traces of the Nissl stricture., After the un-
fixed tissue kad been kept at 37° Ca for 48
hours, true mcrgsfat I}
were observeds < .

When death was preceded by a :hypamc phase
of about 20 minutes’ duration, initial s¥elling,
though generaily of a wild degree, likewise de-
veloped. It was succeeded by a homegenization
process frequently associated with irfregular
transpareqcies in theé protoplasm; which -then
developed a flaky appearance, Formation of
latger vacucles had stopped almost completely.
The entire ptocess. developed within thé first 3
hours, progressing but little over a period of 12
hours, =

When the hypoxic phase lfasted about 30 to G0
mirtes, there existed, generally, from the very
beginning, a ceftain p,knomorphla, as well as
mild shrinkage. For as long as 12 hours the cell
picture changed but little, Txgro]ys1s 'Was OCe
casionally more pronounced in the smaller py-
ramidal cells, whose protoplasm then developed
a flaky structure.

Following a hypoua lasting longer than about
60 minutes; the cells retained a structrre corress
ponding to the equivaleut picture for 30 miautes
to 12 and 18 . hoirs afigr death, Bily occasmne'
ally did ecne of the large pyramlda cells, show
modegate shnnkage or m:.]d swellmgo Even after

with a s1mple swellmg ﬁ

.P.-,\\

tamed relauvely Wello The N;ssl oodles showed
merely a weaker response to stammg, ‘Wh!, h
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gave ‘the célls = pale appeardnce, In general,
the nucief were only 2 little smaller than before, .
—and..darkened_but ditile if.at.all,.Bxen if a few
putrefactive bacteria appeared in the vicinity .of
the cells, the cell structure was at first not af-
fecteds Only with strongeér infiltration of rhe
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S FIGURE:9 R s Pyrdimidal cells. of o cat exp 3

Pyrardidal colls of ¢ cot expbied to sev.ré hypoxia for 35 minutes. ¢, Shrinkage of o geanglion gell. Mot oll Nissl i T g
10 hinites. o, Swollén ganglion ¢ells fixed J hours, dfter bodies disappeared. b, Shrinkege and flaky homogeniza- =i
deaih. o, Ganglisn colls with swelling ana flaky homo:  tion of smaller pyramidal celis. The dendrites aré trace~
genizati @ fixed 12 hours ‘after dedth, The tissve has able over o longer distance. The fissue has ibeen kept ot
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FIGURE 12

Ganaiwn eolls of o cat which has _neren exposed to
severe bypoxio for 3 haun. , Eyrés ,ciul ceil of the cos.
4o%; b, cell of the - hulumus fixod 12 hours after dedth.
“Fhe \tlszue has been kept ot 37° €.

as possxble we ex\amsned»,,m €

‘Smaller pyramudnl celt of ﬂ:e saine cck as, in figure 12;.

fised 48 houts -after deatha The umflxed tissue he: been
keni w370, o -

bacteua did the pro;oplasm of the cells become
dirty and blarred, and the nuciei smaller and
darker (pseudo»homogemzauonx)

T HumAR CASES -
I. Mezbods e R e

" We examined a total of 45 brains of adults
who had got died of an interdal diseases ia 30
cases death had occurred instantaneouslvy or
after a few minutes because af bles :ding, suffos
cation, severe body trayma, of acute heart
failure, In 4 cases death had followad an
egony of 30 to 40 minutes® duration, being
caised by bleeding or injurys to lungs and heart
in casé .of travia, For 1T cases the agony had
lasted more than 1 hour, though nevet longer
than about 6 to 7 hours. TWO cases showed an
umdennﬁed traumatic edema o f the laryax which
}ed to slowly progressxve suffoca
othecs died of slow carbon monoxide poz on
subacyte alconohc mtoxmatmn,
pulmonary edema with cardiac 1nsuff1c1ency folw
Towing™ acute burns, and the consequences of
bod:]y injuries, , "

AN braigs wese fized in fmm;aldﬁ}-ydn

23584

A:s far

segtions

faus e 2 ,




o . _ PROJECT NUMBER 21-23-004, ..MPORT NUMBER 1
from various paris .of the brain. Afier preliminary  figure 9y In all these cases thé time mterval be-
alcohol treatment, the blocks were embedded in tween death and fization of the brain varied
‘¢eltordrn or~parlodm'1~ Lresyl viclet or atmonme~ from § to 36 lioursy Despree this large 'variance,
were used for stammg the ganghon CPllSz w.e dzd not find any *relatmnsth bﬂtwee'z the
severity of the changes and the span of time

1. Findings

In the 30 cases of acuté “death, the findings
were much the same, hnnka-g_-e and vacuoliza-
tiofi of the cells wefe the most frequent -cgcurs
reicés in contrast to the early, localized pic-
tures -of shrinkage deseribed in cats, a generals
ized cellular shrinkage was found in the hus
man brains. I the coftex they involved the
karyochrome céll types, the smali and meédium.
sized pyramidal cells (figure 14a), The den-
drites, especially the apical dendrite, were
visible to a great extent and frequently were
wutled spiral-like (figure 14b).  The larger

N 14 1
RERES v
Pt A AL LS T 520~ B 3700

vacuecles. The auclei were :small and stained so
d‘eep]y that they often could not be distinguished
from. the cell body. Vacuolization was found
first of all in the small ganglion cells of the
second. and fourth layers, The picture designated
'By Nfasl as WaSServera'ehderung 'Was Véry ‘tr’é-

é‘:{ celt types occasionally showed traces of the
“é Nissl structyre. Mostly, however, the protoplasm
3 was dark, homogetieous, o6f contained very fine

su_rrqugded b.y a halo whose outer hm1t was
formed by a rir ot homogeneous-lookmg proto-
plasm. The cell, as_a rule, was markedly swols
le-, Phases of this alteration are demonstrated-
in figures 15a aud 15k, The larger pyramidal
celis could likewise undetgo vacuolization, as
shown in figure 15c. Shrinkage could predomis
nate in one case; vacuolizatiosn, in the other, In
genéral  both processes were intermingleds Ote
¢ould evén observe shrinkage of the cell body
and vacuolization of the déndrité in one and the
same cell (figure 14b).. Other cell types showed
swelling associated with tigrolysis ‘around the
large, pale nucleus. In the ‘cellular periphery,
traces -of the Nissl bodies <ould rthen still be
visible. The least obvious changes Wwere Seen
as a rule in the gxant pytamidal cells and the
large motor. cells in the deeper parts of thé
brain stem. The Nissl bodies were generally
easily detéctable, because the unstained tracts
were someum,eo,broader;ed _Some , specimeéns
showed a. distinct tigrolysis - or shrmkageo., 0.
somé cases, homogemzatxo pf the cell body ' ] HGUREM
with shrinkage of the nucleus was pronrunent:u In Shitikage

} ge and homagonjzetion combned ynﬂn vccuoli-
addltIO'i, there Wel’e pl‘CturES JnVO!Vlng a ralner xahgn Gf h uman gu"iglion ca”s in[ 0\ QG_§§ of 0‘:”’0 suﬂg.
flaky ctructute of the protop}asm, as seen m cation. F:x ,i n of ehe cram 18 hours qﬁer deuﬂa
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FIGURE 15

Ditferent types of vacuolization of hugnan gnngﬂion
cells in a fifforent case of acus suffocation from that in
figum 14 anmi@n of the bmm 20 hours aftes death.

)
A
s L L e

elapsmg untxl the tissue was ‘xxed‘. According

.to what we know from the expenments, the dit-

ference in the duration of the premortal hypoxia

and the difference in ithe rate of cooling decide

the prevalénce of the one or the other type of

c¢ell change., Natura]ly, both factors cannot be

" determined accurately in human material, Also,

Y] 110“’3‘n 20

‘@% the nutritive state of the cell at the instant of

- e sudden death is most probably of some impo -

tanée to the type of change which then devel-

ops. On the whole, however, it is no great cons

cern whether. vacuoliza: tion; - homogemzatnon. of

shrinkage dominates the plcture, since all these
changes are def.'u.-.; of the regressive types

These cnanges .differed noticeably from the

findings we mzdeé in those cases in which the

hypox1a lasted about 30 minutes and lor.gero

figutes 16a and 16b show célls of such a casé,

They are very similar to the ganglion cells of a

cat which had been exposed to severe hypoxia

ﬂ*’"ﬂf: M;@'; _ for 30 minates (figure 10). Practically all cells

P~ o

2 4

defined dendrites, In most of such cases it was
hard to decide whéther to deésignate this picture
ag shrinkage or as pyknomorphxa, the more.so
since the Nissl sctfucture was present in ‘many
“of the heavxly stained cells, In other cells of
the Same size, however, a certain degree of
‘homogenization already exi istédi The nuclei
were usually small and datk, Vacuohzanon was

showed, as a rule; mild shrinkage and well-

. p:a;v}— e u,-{uu
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practically absent, even in the small cells of
the second cotticai layer. The giant pyramidal
~eells - and - zhe “somatechiomes “of" the
deeper btain stem primarily showed shrinkage
cembined with a varying degree of tigrolysis:

In the cases in which death follcwed an
agonal hypoxia lasting not less ihan 1 not

Adrge

Tonger than 6 of 7 hours, we found sometimes

small, locally cor.fmed necrotic foci, which wilt
be’ distegarded in this paper. The great majority
of the ¢ells _howed neither vacuolization ner
hpmoﬁg-em,zauon, neither shrinkage nor swelling.
In all somatochromes the Nissl bodies wefé well
formed; 1n the smalter cytochromes they had a
dustlike structures The "auclei were usually
farge and light, having 2 well-marked nucieolus
and a delicate linin 'structure; Sometimes chey
were slightly reduced in size and somewhat
dacker, In the larger pyramidal cells we ob-
served oécasionally that the Niss] bodies were

separated a little more than usual by broadening
of the unstained protoplasmi tracts between them

(figures 17a and 17b). Other ceils were pykno-
morplnc.. The cases showed hardly any differ-
ence in the behavior of the ¢eélls, although the

time interval heftween death and fixation .of the

brain varied greatly, being 35 hours in one case,
and the coolmg of the corpse probably had been
retarded in some cases,

H1. Summadfy of the fiidings

In all cases ‘without previous ‘internal dl-
sease, in which death had occuriéd instantane-
ously or after a few minutes, -and in which the
time interval between death and fixation was
not shortes than 8 hours, we found generalized
t."ianges in the ganglion cells, i.€., vacuolizas
tion and homogem»zatmn pfocesses c¢ombined
with shrinkage of varying degree. All thé nuclej
w-ere shrunken and dark.

All cases in which death had occurred after
an agonal hypoxia of about 30 minutes or longer,.
showed pyknomorphic cells or moderate shrink-
age combined with beginning homogenization,
The nuclei generally had undergone moderate
shrinkage..

1f -death had been» preceded by an’ agonal hy=
poxia of a dutation ranging between at least 1
hour and 6 to 7 houts, the fm*a;onty of the celis
showed cleat marking of the Nissl structure;
there was nejther shrinkage nor sweélling. The
nuc1e1 were in general latge =dd light, revealihg
a well~markednucieolus and delicatelinin struce

2i-23004, REPORT NUMBER 1

PROJ-ECT NUMBER

EIGURE 16

‘Ganglion cells of af individual who died u&en a severe-
hypoxia lasting for about 30 minutes {treums). g, F!aky‘

'homogemzmien and dondrites trdcedble over a lenger dis-
tance. B, Two smoller pyromidal cells still-show some

Nﬁssi substnnce. Fixatjon of the brata 24 heurs faher

dedth,
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 FIGURE 17 .
Genglion colls of an individual who dizd dfter & severe

hypexic lusting for about 1% heurs {travme). Fixation of
the broin 24 hewrs cfter deoih

ture, or théy were darkened but slightly. be-
sides, wé found pyknomorphia and separation of

the Nissl bodies by shghtly enlarged unstained

protoplasm tracts. These pictures were observed

even if the time Span between deach and fixation

had been approximately 35 ‘hours.

'agreement with those of man. Both series of

investigations accentuate theprimary importance
of the duranon 'of the severe hypoxia which pre-
cedes the anoxia of death, .

‘The fmdmgs'esta':l;shed in those individuais
who died within a2 few minutes represent. so. to
speak, a snapshot from the film strip of apro-

,gres,sxve disintegration. process, whose time

pattern could be .observed moré accurately in
the cats, We shall not discuss in detail the
nature of the various cytopathological pictures;
it is sufficient for us to know that their devels
opment aitér death is the absolute rule. They
are liable to be disposed of as “postmortal’ or

“antolytic’” decomposition, which often pre=
sents an unpléasant secondary phenomenon to
the hlstopathologlst evsluating a histological
preparation.

Ever sincé the firse classificatiou of patho-=
jogical changes in ganglzon célls was made, it
has been known that, postmortally, the celis
may undergo shrinkage and liquefaction proc-
essés associated ‘with vacuohzauon, whick
greatly resemble the pictures of intravital cell
disintegration. Even true karyotrhéxis may de-
velop post moriemy; as has been found by
Schmaus and Albrecht (7). Each textbook theres
fore cautions the reader against the misinter=
pretation of such postmostem alterancq(cfo Weil
(8); figute 14). On the othér hand, we know that
ofly a few thours after embolism distinct symp-_
toms of disintegration develop in the focus and
that the same holds for tissues excised from the
organ. In the former case one speaks generally
of nectosis. or necrobiosis; in the 'latter, of au-
*tOIYSlSo Could it possibly make any essential

difference to the cell whose metabojism suddeno
Iy enters the anoxic state, whether
is brought about by an -embolism,. by the cut of
a kmfe, or by the fallure of the central c1tcula—

<

pally the same m all nthrec cases, If th_q gpm .
plex of changes deveIOpmg 1mmed1acely after
local vascular occlusion is called necrobiosis,
théfe is no reason why this terin should not he
applied also to changes followmg acute cardiac
standstill, as suggested by Rosenthal (9). Fig-
ures }8a and 18b demonstrate ihe cells of a. 5-
hour-old ‘embolic sgftenmg,yhch_ghm | ‘_jgoe,g_,f
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20 hours after deaths Most of the ceiis shoW
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possible~for- us to-dig

tinguish-t
changes of cmrespondmg stageés in ouf cases
of acute death, so great is the swulanty of the
“morphological reactions. This similarity applies
even to the postmoitem: dévelopmént of the so-
call*d incrustations of the Golgi apparatus,
which are stil}f believed to be especmlly typxca]
of mecrobicsis of intravital origine Moie accu-
- rately, these changes develop with special reg-
ularity in the marginal sections of the foci of
intravital origiz, where a certain exchange of
fluid with che blood-perfused adjacent atea is
still possible. In the brains of our cases kept
in saline solution we observed these changes
first in the cottical sections which were in
direct .contact with the solution. To give these
faces due cofsideration and to avoid the terms
of postmaorial ulteration or astolyséis, which ig
pathology have acquired a flavor of factitious-
ness, it appears réasonable to apply the term
mofphotrepic mortal neirobiosis also to ganglion
cell changes after acute deaths B
Consequently, it is not true; as has been gen-
erally assumed (also by Niss! (2, 3)), that the
state in which ganglion cells appear immediate-
ly after death can long be retained. As has been
showi clearly by our- expeumems, this helds
true only for thosé cases in which death has
been preceded by a severe hypoma for 8t least
1. hour. In such cases not even the cell stiuc-
tures changed, provided the unfixed brain had
been kept in a Sterilé saline solution at 37° C.
) for 18 houis. With prolonged duration of such
; treatment. there occgrted gradual changes in the
é stainalilicy but no essential alterations in the
b structural pattern. Naturally; in the end, these
% cells too will disintegrate somehow. This, how-
g eve., occurs long after the postmortem phase
'_& * which-is of ;pr'aétj.'c'a_-l importance to the patholo-
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We assume rehat at the instant of the indivi-
dusl’s dearh these cells, as individual elements,,
still possess a .eftain vital function whkich

fogical critetia. In other words, we believe that
the obsesved 'changes likéwise represent a nec-
robigsis which, in contrast to the onie discussed
befox:e, is ar first npot accompasiea '\“—gotxcg—
able stiucrural changes, Analogous to our state-
menes in regard to the astrocytes, thé term
morphostatic mostal mecrobiasis can bé aoplied

em»fmm«-dheh sthat-it-is actuelly necessaty-zad-adegus

“vanishes graduaily withott conceivable morpho-

PROJECT NUMBER 2123604 R'EPORT'NI‘?E'}EER 1
in the present ‘connection as w;ell, Wheneyer a
aew tetim is introduced, one has lo make- suge
cﬁ»aﬁu, R
moieover, that it lielps to clear up an. mmcate
ptoblems The ob;ecuon may be.raised,. therefore,
that for such cell piciures as are illustrated in -
figures 1la té 11d, Nissl Has already comﬂd *’he -
term . quwalem pictures I this gonge.c.z_;g_n

- BIGUREIS - o
Ganglion cells from en’ embolic coftening. The embo-
lism oceurred 5 kours pfier to doath. Hemogenizetisn {a)

and vacwolization (b) lea?wn of the brain ZQ,,hgws\.
wtar daath. . N : :
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Spreimeyer (4), in thé introduction 'to his book,

L s W, 2t
Tx-

suyE
conditions 1dennca1 pictures are obtained ffom
tissue preparations, they may be re-
garded as equivalent to living tissue; ‘all devia-

from this equivaleat preparit tion can be
mterpreted as pathologrcal.” In our opinion this

Kllv

,conceptnon is not quite correct. According to our

present experrence, a cell picture -equivalent to
that in the 11v1ng tissue ¢an be obtained only
when the tissue is frxed durmg its normai ac-
t1v1tye If in 4 case of inStantaneous death-heu,
in virtually “*notmal®” matenal-on]y a very short
time is allowed to pass prior to firation we will
observe, instead of the equivalent p.lcture, a
beginning morphotfopic ~mnecrobiosis, which

‘undergoés progre_sive changes as the time in-

terval between death and fixation is prolonged.
Only ‘when, the tissue hag | been subjected to the
patho]ogmal state.of 'ere hypoxra for about
an hour or 1onger pfiof to death did we find a
picture which showed much greater similarity
to the actual eqmvalent pictufe, Disregarding
this similarity, this_means that we have to deal
with a morpho]ogrcal reaction dur'ng the anoxia
of death, which is typrcal of a certain abnormal
state of the cell ‘during its 11fe (subacute hy-
poxra) in other ‘words, we have obtained a

posruve” finding, We therefore believe we are
justified in desrgnatmg'tms reaction as moérpho-

static mortal necfobaosiso The high statistical

frequency of thrs pseudo-ctjnr'valent picture”
of the 'cels in human autopsy midterial obviously
induced” Sp1elm yer (4) to make the above state:
ment, and is probably die to the fact that in
many cases death fo]lows only afcer prolonged

agonal hypoxrao . ;

Vhen we attempt to make a morphoroguax
classification of ... principally ho*zogeneous
process. into d1st1nct gtoups we. naturally find
that transitofy stages £Xiste Evén in the cases

in wzhrch hypoxra bhad lasted about 20 mmutes_

q d 2 _ecrease i, the inci-
dence of vacuohzatron,, Moreover, the ptedomi-
nang homogemzat-on did not proceed so rapidly
nor §go uniforml,y as in the cases with shorter
duration of the hypoxia, Tne cyioplasm, there-
fore, had a somewhat fiaky appearance (figure
9bY, The cells were in generai slightly enlarged
However, since this alteration develops in the
course of 12 hours, as seen fiom the ex«penmenq,
it may be class;fred under morphotroprc necro-
blos1s. In confrast hereto9 the cases which had

.,rc., oA

e 8 -

L R . ;-., s - o

been exposed to hypoxia for about 30-to §§:min-"
~followingy i ~underequal technUal ™ utes T showédy

0 O P

(Riom th"e‘”“ve‘ry“’be‘gmnm

morphia of ch,e cells as well as the prctures of -
moderate shrinkage, Only in part of the cells
did a moderateliomogenization occur after death,
-On

the whole; ho ‘the eptire picture
changes but little within 12 hours at 37° C.
This consequently represents a transrto;y stage
between the two types of necrosise It is worth
while mentioning that pyknomorphid and shrink:
age had alroady - developed toward the end of
hypoxra, and that in the cases with longer dura-
tion of hypoxra-—-hev, with the same stress on

the cell=thes¢ changes subsided again when.

Ul’P'i_IPI' =

v %

fixation was done immediately aftef death. Thus,

they appear to be reversible when the cell is
still under the same stress. Might this ,ossibly
be a morphological correlative t6 the proc’ess of
accommodauon known in altitude physiology, of
in sports as !getting a second wind *’ Not in-
frequently are different cell reactions found in
one and'the same brain. This is obviously due
to the fact that theé circulation during agona]
hypoxia varies with the different brain sections,
especially so in the presesce of antracfamial
pressuiés . .

It should be mentioned also that mot all
types of nerve cells réspond equally fast fo
a sudden onset of anoxia. Among the cells
in nan, the giant pyramidal cells, the cells
of the pallidum  and substantia nigra, aad
the somatochrome cells of the pons and me-
dulla show especially long
the c¢at such .eadurance is shown ag a ru]ev
only by the last-diéntioned somatochromes,,
whereas the giant pyramidal cells change rela-
tively fast, In cases of morplhostatic nécfobios
313 'on the contrary, these cells occasionally
sbv pronounced pyknomorphia, This caused
the 1mpress1on tnat they were laggmg behind
the cortical cells as far as their feaction is cons
cemeda ln such cases the largc cells in lthe sub-

showed a pxcture sum.lar to the fresh retrog-ra,de‘
cellu]ar alterauon, assoc1ated W.lth a drsplace-
probaoly represents a prehmmary stage ho'f
c¢hanges .which Buechner and Luft {10, 11, 1")

found in the respective brain sections of gumea_

pigs exposed to prolonged hypoxra, and which
.mrght be connected with the ov,erburdenmg of
réspiradion and cardiac activity, The cells of
the vegetative nuclei of the hypmhalamus-

pykno &

tesistance, In
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cases of acute death, no aotice-

cells. (The nucleus sipraopticus and the nucle-
us paraventiicularis proved especially resistant
to temporary hypoxia as shown by the experi-
ments of Grenell and Kabat (13). "

The findings of morphotropic neciobiosis, as
reported above, ate similar to the changes in
the gdnghon ceils described bv lL.ewis and
Haymaker (14) in cases of high altitude death,
In some of the cases described by the aboves
nained authors, death had occurred within a few
minutes; they fouad these changes in about half
of theit 58 cases. As to their Statement, “It is
of interest that the ganghon ceil changes de-~
scribed could have occutred in so short & time,”’
we can now say ihat these changes must have
developed during the anoxia of death, i.e., post
mortem, and not within the few minutes of in-
creasing hypomaa Camerer (15), performmg au-

tolytic experiments on human brams, found the

same cell changes as we did in casés of a~ute
death, In three-fifths of his 52 cases, death aad
occurred 1ﬂstantaneously or withia a few min-
utes. He concluded that the pictures of ischemic
cell chanxges are ‘the regular end ptod &ts of
each “autolysis.’” Unless all of his cases had
involved acute death afier wll, the only possible
reason fof his cenclusion is, as he reporied him-
seli, a strong infiltration of bactéria in the brain
sections he studied. Under the mﬂuence of a

.-~ -able--differences~from-the—bulk—of~the—-cottical- - effect—oi-hy poxiay
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they described are in our opinion 3 secondary
disturbances of vessels oz by nitrogen emboli,

as described reqeatly by Haymaker and Davison
(17) in decompressxon deaths, This abseace of

“widéspread <¢eli, changes is now -likewise com-

. perature, Therefore we believe that the changes

marked proliferation of bactéria, we tos found a

kind -of pseude-homogemzamon. 'I‘he hxgh fre-
quency of shripkage in the pictures in his mateé-
rial might be explamed by the fact that his
brain ‘sections were very smdll and, therefore
in the udfixed scate, easily bruxsed—the maore
so since he used scissors for the excision. In
descubmg out cases; we mentioned bnefly the
incidence of shrinkage en account of pressure
acting upon. ‘the sunfxxed ussue, as pom&ed out
by Scharrer (6).

un the othér hand, in reports of altitude ¢ham-

ber expenments with subacuteb_ypoxia(l..uft (1 I),, '

Merk (16), Altmanp and Schubothe (1); €t all}y:

is emphasized that no nathologl'al chauvcs.

could be detected exzcept in local areas, In many
cases fixation may have been accomplished too
soon for chaages to develops Altmann and
Schubothe (1) waited about two hours uatil they
fizxed the tissue; within this time some change
should have appeared in cases bf'

The focal wsses of cells and

V:eheamb}e? aad can no longer be mterpreted
as a neganve” finding,

Uc»asxonally, oné can observe a morphotropm
nectobiosis of intravital origin within & mozpho-
tropic mortal neCfOblOS.lSo Ve ezamined one
case, for mstauce, in which @ head trauma had
caused a local morphotropic necrosis. The vic-
tim sufvived the accident for 12 hou.s. Although
respiration and circitlation were in relanvely
good condition, hé died very suddealy of resp;r-
atory paralysis, In the histological examination
it was rather. dxffxcult to define the limit be-
tween the focus and its vicinity, since the

changes observed in the focus were the same

as, though léss pronounced than, those found
throughout the brains Also, the astrocytes
showed generalized clasmatodendrosis. .

In this condition the questzon arises whethet
in such fresh local anoxic, areas the necrobiotic
d;smtegratmn of cells continues after death,
After all, we  cannot see any reason why this

process in a local anoxzic area should be inter~

rupted by the ‘superimposed anoxaa of death, It
will be merely retarded by the fall in braii tem-

in the’ befoxe-mentxoned embolic softening were

- c%sm}“&m ~"cca!~* functm.ml k=

not 5 houts old, but 25 hours. They would have = f.

been even more pronounced had the brain res
tained its temperfature unti} fxxatmm Furthe_
mote, we are convmced that there is .not only.
a morphostatic mortal necrobiosis but also
a Iocal morphostatic »ne of intravital origin.
To this combination of changes probably be-
long some of the cases of apoplexy without
pathological fmdmgs which. have beén ob-
served from time to time. We examined such;
2 case in which a stroke had occurted a short

" FenR

tlme before death The autopsy showed throm-

~however, no defuute c‘xanges Wwere found in
the ganghon- cells, In the affected areas there
was observed a marked capillary stasis wjuch
‘was fot. preséat in the othet paces of the braia

We ‘

. are mclmed to. mterpret this fmdmg
stanc thrombonc uectosz,s due

ne ¥

the-
‘
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From out concept we may even make the follows-

mg conclusion: if such a moxp}'ostatxc focus
had developed in a brain shortly before an acute

d€qth, We would find the paradexical picture in
which the cells withia the focus are unchanged,
and’ those outside the focus show sigas of dis-
integration, .

- Frem al] of this we leatn that it is not gens

erally appropriate to fix the brain as early as
possible when -acuté citculatory disturbances
o¢eurred shortﬁy before death, in ¢ase .death
followed a sufficiently long, Agonyy. the contrast
between the focus and ad)acent tissué bécomes
even greatér when fixation is postponed for sone
times In case of acute death it is advisable to
hx the tissue as soon as possible in otdeér to
prevent a morphotropic change of the cells in -
the vicinity of the focus anda.consequent.y 2
blurring of che focal limits, In cases in Whmh
fresh tissué changes are anticipated; the type
of death has to be considered more carefully
t«haa has been dosie previcusly,

{ow can we. exp]am the. fact that exemely

e U e SN

,/.
0’

{being. caused primarily by the fact that upon cirs

t¢ulatory -standstitl, the . deygmposition- Produgis

RHREG

LS . Were] eft. lyin, gwmaanﬁ-uqun nd-the-gellr-dtrisTpy

ticufarly intesesting that such essential chemx,-
ca}l, changes ocgurred. aftex 30 mmutes, thmsame
timé span after which we found the first distinct
signs of swel]mg‘, When death 1s preceded by a
cnncal aypmuc ‘Dhase, the bram, obvmusly
capable of utxhzmg lactic acid quer normal
condnmns, d1sc‘1arges consuierable quant!ues
of it into, thé blood stream, (21, 22). This hap-
pens even it hypoxxa lasn;s no. longer than 10 fo
15 mmutesu if death. in ,rveqe.o in such a .cig-

cumstancé, part of the 'lacuc acid surplus- hasf
already been given off by the
possibly be connected \Wxth our, observauon;thyat, :
after a. similaily short hypoxxa,, vacuohzauon

kro-n Cawnld

_ /g
WASRALS WV wiw ~l.l!la

was practically absens and a somewhat mote

flaky homogemzauon ‘had appeared> We presume’

that this process, obviously quite compiicated
in detail and certamly not confined to lactic
acid, will iafluence the morphologzcal reaction
of the cells, Loeschke’s studies (22) indicate

how important the degree of hypoxia is. Mild
oxvgen def1c1encv did aot brmg _about 2 chs- B
chaige ‘but an infibited unuzatxon " of lactic
acidy It 'is also 1moorta..t that the oxygen- defie
ciency be kept on 'a constant lével; as seen as
récovery sets in, the lactic acid promptly re-
turis: to notmal, and phosphocreatme 1s buﬂt up
again (23; .

No relevant data could be found in the lu:etan
ture conceramg chemmal pro _'esses &eve!opmg
during a hypoxia lastmg 30 to 60 or more min-
utes, "From the moxpuomgical. reaction. of the
cells we are inclined to conclude that Wzth,gpto-
longed hypoxm the ower-a:l ¢ i

of the LCH‘. Wil "

\'\

“#severé chnanges in the cell structure éccur after
a sudden onset of general or local circulatory
“atrest, whéreas they appear more and more sel-
dom as the duration of a premorwal hypoxia is
increased? ‘Obviously, this difference is based
on bjochemical processes., In cats that had
bteathed wnitrogen for 2 to 3 minutes and had
shown no- electroencephalographxc responsé . for
40 to 30 sécands, Stone and collaborators (23)
found “an increase in lactic acid and morgamc
phosphate combined with a deciease in plos-
phoctreatine, whereas pyrophosphate and hexose
:phosphates had not yet changed, Followvng if=
stantaneous death. the freely fermentablr sugat
in the body-warm animal brain is btoken down
within the first 5 mmutes, a great part of the

glycogen within 15 minutés, The lactic acid
seems that this prob;en apéns up new avenues

roduction increases ta ml to Its magi-
P pialy. % “for a closer collaboration between bxochemxsts

mum within 25 to 30 minuces.(Jungmann and and hxstopathologzsts!espemally so when-aside
Kimmelstiel (18),Mchtvagd Gesell (19), et ald. from the Niss! p1ctute. ahich w,as adequate for

About 30 minutes after such ‘death, the phos: " e hod:
phot‘zeatme is hydiolyzed and part of the adéno- t elprgsfent iurpose;‘x? stammgl méthods are
sine triphosphate broken down (20)s Weil (8) cos- '3PP -eb Ifr S mos)rp*o obxcaL A2 YfﬂS‘ 85 was
rectly referred to this ° xploswe change of the Jone =y o12m (24 AR S T .
cellulan “métabolism,* concluding ‘therefrom . T o VT TR,
“Ythat such' ’chemxcal change}s must - result-—m U L VO DU S A S P AU RPCrey
al chanfges of the strucrural ‘make-up of .4 N R R N R PO '
: thiaf all the changes which we : .
descmbed i cases of sudden death are morpho-
logically related to these chemical processes,

il cnange as well It may be that
'even theé common pattem of cell metabol!sm will
changé after a certain durauon of hypoxxau It
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8o organic disease had exxsted, shewed :hat af-

peading on the duration of the severe hypoxia
preceding deaths

_in cases of instantaneous death; the ganglio
cells “undergo changes which are pnncxpélly the
samé as those in embolic softénings. They in-
clude’ the picuires of homogénizatici with aand
witfout shrinkage, vacuolization, and ““sncrus-
tations of the Golgi apparatus.’” When the brain
is kept ac body temperature, a distinct * ‘simple
swelhng” is noticed 30 midutes after death,
Homogenzzanon and vacuolization are well pro-
nounced after § hours. This disintegration proc-
ess is retarded as the température deécreases.
1f death was preceded by severe hypoxia last-
ing about 10 to 15 mmutes, vacuohzauon haidly
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